In this investigation, the equivalent input noise levels were measured in several different hearing aids: linear, one aid with wide dynamic range compression, one high level compression aid, two programmable and three digital aids. For the linear, programmable, and digital aids the measurements were made for two types of frequency responses: one suitable for a flat hearing impairment and another designed for a high frequency hearing impairment The measurements were made across I I different special purpose average frequencies ranging from 200 to 5000 Hz. The result suggest generally higher circuit noise in the lower frequencies in all the hearing aids. For the linear and the digital aids, the high frequency configuration yielded higher noise levels in the lower frequencies when compared to the flat configuration.
INTRODUCTION
Modem hearing aids provide advanced features and functionality due to the use of complementary metal oxide semiconductor (CMOS) integrated circuit technology. However, the use of this technology, can result in internal noise levels that are 3 to 10 times higher than some other circuits. The internal hearing aid circuit noise, if high enough, can be bothersome and can distract the subject's attention away from the signal and can also add intermodulation products to the perceived sound. Hearing impaired subjects with normal hearing in the lower frequencies complain about the noise.
The noise in hearing aids is traditionally referred as the equivalent input noise (EM>. The hearing aid manufacturers usually provide this specification. For a linear hearing aid, the volume control of the hearing aid is set to the reference test gain position and the average coupler sound pressure level (SPL) at 1000, 1600 and 2500 Hz &"J is measured with an input level of 60 dB. Another measure (L,) of the coupler SPL (nonfrequency specific intensity) is then recorded by removing the input signal. The following formula is used to calculate the EN EIN = L, -(I.+, -60). For nonlinear hearing aids a similar procedure is used but the input level is 50 dB.
Traditional measurements of hearing aids are based on the three frequency average of 1000, 1600 and 2500 Hz, referred to as high frequency average (HFA). Thus, the average circuit noise at these frequencies is generally measured. Armstrong (1) suggested that better documentation of the spectral content of the noise could provide valuable information. This study was designed to document the circuit noise across various frequencies in a variety of hearing aids.
METHOD
A commercially available equipment (Audioscan: RMSOO series) was used for the measurements.
The equipment allows 2-cc coupler measurements of hearing aids according to ANSI S3. . It also allows the use of other Special Purpose Frequencies (SPF) in addition to the conventional high frequencies (I, 1.6 and 2.5 kHz). It automatically displays the values for the following measures: Peak SSPL90, HFA (or SPFA) SSPL90, HFA (or SPFA gain), the reference test gain, frequency range, distortion, equivalent input noise, and attack/release times.
All the measurements in the current study were performed in a sealed Hearing Aid Test (HAT) chamber (an acoustic isolation box) whet-c the input levels can be reliably controlled and the hearing aid output levels can be appropriately measured. In the box, a reference microphone monitors the input and determines the appropriate compensation to maintain a constant level. The equipment noise was measured with the input signal turned off and the output SPL measured with the % inch condenser coupler microphone while occluding the opening into the HA-1 2-cc coupler. The hearing aid EIN measurements for the given SPFs were considered valid only ifthe equipment noise level was at least 6 dB below the hearing aid noise level for the same SPFs.
The EIN measures were obtained using 11 ditkrent SPFAs for the following hearing aids: one linear aid, two nonlinear aids (one with wide dynamic range compression and another with high level compression), two programmable aids and three digital aids. For the non-linear, programmable and digital aids, the gain and EIN measurements were made for two types of frequency responses: one suitable for a flat hearing impairment and another designed for a high frequency hearing impairment (High frequency emphasis: HFE). For the linear and compression aids, the noise levels were measured by using two different volume control settings.
Before any measurements, the HAT microphone was calibrated. For the hearing aid output measurements, the hearing aids were coupled to the 2-CC coupler (that attempts to simulate the acoustic conditions of an average aided ear) and the coupler was attached to the coupler microphone. The HA1 coupler was used for In-the-ear aids and the HA2 coupler was used for the Behind-the-ear (BTE) aids. Prior to all the measurements the adequacy of the hearing aid function was confirmed by conducting 2-CC coupler measures according the ANSI 3.22 and comparing the measures with the manufacturer's specifications. All the hearing aids included in the study were functioning adequately.
The audioscanRM500 reports a value of' XX' for distortions, equivalent input noise and attack/release times to indicate an unreliable measurement due to excessive noise or vibration in the test chamber. Whenever this occurred, the measurements were discarded and repeated on another day or time when reliable measures could be obtained. Table 1 
RESULTS

Frequencies (Hz)
The results suggest generally higher circuit noise in the lower frequencies in all the hearing aids. Changes in the volume control setting did not affect the measured noise levels. For the non-linear and the digital aids, the high frequency configuration yielded higher noise levels in the lower frequencies when compared to the flat configuration. For the programmable aid, this difference in the two configuration was less.
DISCUSSION
The current investigation suggests that in some hearing aids the noise levels in the lower frequencies are higher when a high frequency emphasis response is provided. In other hearing aids the difference in the low frequency noise levels for the flat versus high tkquency conhguration is less. For an individual with a high frequency hearing impairment, the high frequency response configuration is suitable. However, the concomitant increase in EIN at lower frequencies may be undesirable since such individuals frequently have normal hearing in the lower frequencies.
Based on data obtained from 8 hearing impaired subjects, Agnew (2) suggested that hearing aid with noise levels of about IO dB above the level of audibility, can be objectionable. The current investigation suggests that for subjects with normal hearing in the low frequencies, the low frequency noise levels in modem hearing aids can be bothersome.
